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1
DEVELOPING DEVICE

BACKGROUND OF THE INVENTION

1. Field of the Invention

This mnvention relates to a developing device for devel-

oping an clectrostatic 1mage on an 1mage bearing member
such as a photosensitive member.

2. Related Background Art

In an 1image forming apparatus of the electrophotographic
type, 1t has heretofore been practiced to form an electrostatic
latent 1mage on an 1mage bearing member, and develop the
latent 1mage by a developing device. The developing device
uses a developing sleeve of a non-magnetic metal containing,
therein a magnet roller for conveying a developer.

The surface of this developing sleeve 1s provided with
suitable unevenness with a view to improve the conveyabil-
ity and chargeability of the developer. A pipe of an 1nex-
pensive non-magnetic metal such as aluminum or an alu-
minum alloy 1s often used as the developing sleeve, but these
are relatively soft metals (Vickers hardness Hv=70 to 120)
and therefore, have the disadvantage that when the devel-
oping sleeve 1s used for a long period of time, the uneven-
ness of the surface thereof 1s decreased or the uneven state
1s changed by the abrasion by the developer and 1mages of
cgood quality which have been obtained at the 1nitial stage of
use become unobtainable.

Describing this 1n detail with reference to the accompa-
nying drawings, FIG. 7 1s a cross-sectional view showing a
developing sleeve heretofore used. The developing sleeve 6
1s formed of aluminum which 1s a non-magnetic metal, and
a magnet roller 7 as magnetic field producing means 1s
contained 1n it. This developing sleeve 6 1s disposed 1n a
developing device for rotation about the magnet roller 7,
while on the other hand, the magnet roller 7 1s disposed
against rotation.

FIG. 8 1s a cross-sectional view of the surface portion of
the developing sleeve 6, and unevenness 11 1s provided on
the surface of the developing sleeve 6 by blast treatment
using glass beads. As regards the surface of the developing
sleeve 6 having such unevenness 11, even though the surface
roughness thereof 1s Rz=about 4.0 um at the ecarly stage of
use, 1t decreases to Rz=about 3.0 um after the development
of about 10,000 sheets. As the result, the conveyability and
chargeability of the developer are reduced to a level lower
than the initially set level, and the 1mage density obtained is
reduced.

As a countermeasure for such a problem, it has been
proposed to form a hard metal layer 12 of Cr or Cu, N1 and
Cr or the like having hardness Hv=450 or so on the uneven
surface of the developing sleeve 6, as shown in FIG. 9

(Japanese Laid-Open Patent Application No. 3-41485).

Such a developing sleeve as 1s provided with metal
plating 1s high 1in the smoothness of the surface thereof and
cannot sufficiently charge the developer or produces an
irregular coat of the toner.

This problem will become more remarkable particularly if
a magnetic positive toner (one-component positive magnetic
developer) is used for development in a reverse developing
system using an amorphous silicon drum as a photosensitive
drum (image bearing member).

That 1s, the photosensitive drum of amorphous silicon 1s
excellent 1n durability but low in charging ability, as com-
pared with an OPC drum heretofore frequently used. Even
if the surface of the drum 1s charged by suitable charging
means to form an electrostatic latent 1mage on the photo-
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sensitive drum, 1t 1s charged only to the order of +400 V to
+450 V. Therefore, the latent 1mage potential becomes
shallow and the image density becomes low and thus, if the
DC component of developing bias 1s set to a rather high
level, toner charged to the positive also adheres to white
portions on the photosensitive drum which are not latent
image portions, and a so-called fogged 1mage 1s remarkably

created and the quality of 1image 1s reduced. So, 1f a toner
enriched 1n magnetism 1s used to reduce the fogged 1mage,
there cannot be obtained a charging amount necessary to
secure suflicient density, as described at the outset.

SUMMARY OF THE INVENTION

It 1s an object of the present invention to provide a
developing device which can sufficiently charge a toner even
if the smoothness of the surface thereof 1s high.

It 1s another object of the present mvention to provide a
developing device which can uniformly coat a toner carrying
member with a toner.

It 1s still another object of the present invention to provide
a developing device comprising:

a developing container for containing a toner therein; and

a toner bearing member provided 1n an opening portion of

said developmng container for bearing the toner to
rotate,

the difference between the work function of the surface of

said toner carrying member and the work function of

the toner being greater than 0.1 and smaller than 1.0.

It 1s yet still another object of the present invention to
provide a developing device having:

a developing container containing a toner therein; and

a toner bearing member provided 1n an opening portion of
said developing container for bearing the toner to
rotate,

said toner bearing member satisfying the following con-

ditions:

Ra-13|AW|=-0.6

Ra-6|AW|=-6

19Ra-[AW|[=0.9

Ra=0.7,

where

Ra is center line average roughness (#m) of the surface of
the toner bearing member

AW is the difference (e V) between a work function of the
surface of the toner bearing member and a work function of
the toner.

Further, objects of the present invention will become
apparent from the following description.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 schematically shows the construction of an
embodiment of the 1image forming apparatus of the present
ivention.

FIG. 2 1s a graph showing the relation between the surface
roughness of the developing sleeve of a developing device
and the convey ability of a magnetic toner.

FIG. 3 1s a cross-sectional view typically showing the
surface of the developing sleeve when the developing sleeve
as 1t 1s subjected to sand blast treatment 1s repeftitively used
for confinuous 1mage formation.

FIG. 4 1s a graph showing the relation between the
difference in the work function between the plating layer of
a non-magnetic metal on the surface of the developing
sleeve and the magnetic toner and the charged amount of
toner.
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FIG. 5 schematically shows the construction of another
embodiment of the present invention.

FIG. 6 schematically shows the construction of a devel-
oping device in still another embodiment of the present
invention.

FIG. 7 1s a cross-sectional view showing an example of
the developing sleeve of the developing device of an 1mage
forming apparatus.

FIG. 8 1s a cross-sectional view showing the surface
portion of the developing sleeve of FIG. 7.

FIG. 9 1s a cross-sectional view showing a metal layer
provided on the surface portion of the developing sleeve.

FIG. 10 1s a graph showing the relation between the
surface roughness and the amount of conveyed toner.

FIG. 11 1s a graph showing the relation between the
difference of work function AW and the surface roughness
Ra.

FIG. 12 1s a graph for illustrating a method of measuring,
the surface roughness Ra.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

Some embodiments of the present mnvention will herein-
after be described.

FIG. 1 schematically shows the construction of an
embodiment of the 1mage forming apparatus of the present
invention. In FIG. 1, the reference numeral 1 designates an
image bearing member which, 1n the present embodiment, 1s
an electrophotographic photosensitive drum. Around this
photosensitive drum 1, there are provided a latent 1mage
forming portion 2 for forming an electrostatic latent image
on the surface of the photosensitive drum 1, a developing
device 3 for developing the latent image, a transfer separat-
ing portion 4 for transferring a toner image obtained by
development to a transfer material and also separating the
transfer material from the photosensitive drum 1, and a
cleaning portion for removing any untransierred toner
remaining on the photosensitive drum 1.

To form an 1mage, the photosensitive drum 1 1s rotated in
the direction of arrow A, and the surface of the photosen-
sitive drum 1 1s first charged by the latent 1mage forming
portion 2, and image exposure 1s elffected to thereby form an
clectrostatic latent 1mage. The latent 1mage formed on the
photosensitive drum 1 1s moved to the position of the
developing device 3 with the rotation of the photosensitive
drum 1, and 1s developed by the developing device 3 by the
use of the magnetic toner of a one-component developer.

According to the present embodiment, the developing
device 3 contains a magnetic toner of positive chargeability
therein. The developing device 3 1s comprised of a devel-
oping sleeve 6 carrying this magnetic toner thereon and
rotated 1n the direction of arrow B to thereby convey the
toner to a developing portion opposed to the photosensitive
drum 1, a magnet roller 7 as magnetic field producing means
disposed 1n the developing sleeve 6 against rotation, agitat-
ing means 8 for agitating the toner 1n the developing device
3 to thereby enhance the fluidity of the toner and also
conveying the toner to the developing sleeve 6, a magnetic
blade 9 for regulating the layer thickness of the toner carried
on the developing sleeve 6, and a bias voltage source 10 for
applying a developing bias to the developing sleeve 6. The
developing sleeve 6 1s disposed 1n opposed relationship with
the photosensitive drum 1 with a predetermined minimum
cgap therebetween. The magnet roller 7 has four magnetic

poles N1, S1, N2 and S2.
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The magnetic blade 9 1s disposed 1n opposed relationship
with the magnetic pole N1 of the magnet roller 7 1n the
developing sleeve 6 with a predetermined gap therebetween,
and regulates the layer thickness of the toner carried on the
developing sleeve 6 by a magnetic field formed between the
magnetic blade 9 and the magnetic pole N1 (regulating
pole). The toner conveyed to the developing portion after
having had its layer thickness regulated is erected on the
surface of the developing sleeve 6 by the magnetic pole S1
(developing pole) of the magnet roller 7 disposed in the
developing portion. The erected toner flies and adheres to
the latent 1mage portion due to the potential difference
between the latent image on the photosensitive drum 1 and
the developing sleeve 6, and the latent 1mage 1s developed
as a toner 1mage.

In order to expedite development at this time, a develop-
ing bias comprising an AC voltage superposed on a DC
voltage 1s applied to the developing sleeve 6 between 1t and
the photosensitive drum 1 by the bias voltage source 10. The
toner on the developing sleeve 6 flies by the developing bias
and repeats the adherence to and separation from the pho-
tosensitive drum 1. Until the latent image portion of the
surface of the photosensitive drum 1 separates from the
developing portion, the toner corresponding to the potential
of the latent 1mage adheres to and remains on the latent
image portion and thus, the latent image 1s well developed.

The toner 1mage formed on the photosensitive drum 1 1n
this manner 1s transferred to a transfer material, not shown,
supplied to the photosensitive drum 1 at the transfer sepa-
rating portion 4. The transfer material 1s separated from the
photosensitive drum 1 while the toner image 1s transferred
thereto from the photosensitive drum 1 by the transfer
separating portion 4, whereafter 1t 1s conveyed to a fixating
portion by conveying means, not shown, and the fixation of
the toner 1image to the transfer material i1s effected there.
After the transfer has been done, the photosensitive drum 1
has any untransferred toner remaining an 1ts surface
removed by the cleaning portion 5 and becomes ready for
the formation of the next latent 1image.

An example of the various numerical data of the apparatus
in the present embodiment 1s shown below.
The magnetic forces of the magnetic poles of the magnet

roller (on the surface of the developing sleeve:

N1=850 gauss, S1=950 gauss,

N2=750 gauss, S2=550 gauss
The shortest distance between the photosensitive drum and
the developing sleeve: 230 um
The distance between the developing sleeve and the mag-
netic blade: 240 um
Developing bias: DC voltage+AC voltage. DC voltage=+
250 V, AC voltage=peak-to-peak voltage 1.4 kV,

frequency 2.7 kHz
Photosensitive drum: a-Si, dark portion potential=+400 V,
light portion potential=+50 V
Image forming speed: A4 size 40 sheets/min.

In the present 1invention, the material of the sleeve base
used for the developing sleeve 6 1s not particularly limited
if 1t 1s a non-magnetic metal. However, a relatively soft
non-magnetic metallic material of Vickers hardness Hv="7/0
to 10 such as an aluminum alloy or a copper alloy 1s suitable
for displaying the effect of the present invention, and is
particularly preferable as the material of the sleeve base.

The use of a developing sleeve made of aluminum 1s seen
in a high-speed and highly durable image forming apparatus
using an amorphous silicon (a-S1) drum as an image bearing
member. In the high-speed and highly durable 1mage form-
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Ing apparatus, a corotron or scorotron charging method 1s
often used for the charging of the photosensitive drum
because 1t 1s high 1n charging efficiency. However, 1if a
discharge product 1s produced 1n the charging process and 1t
adheres to the surface of the photosensitive drum, the
potential of the portion to which the discharge product has
adhered will change and irregularity will occur to an 1mage
obtained.

So, 1t 1s necessary to heat and control the photo-sensitive
drum to 40° C. so that the discharge product may not adhere
to the surface of the photosensitive drum. Regarding the
heating and temperature control, the thermal deformation of
the developing sleeve 1s feared, but the aluminum base is
small 1n thermal deformation and can be used without any
problem even if the temperature control to 40° C. is effected.

According to a simulation calculation, 1in the case of a
condition under which the diameter of the developing sleeve
1s 24.5 mm and the gap between the developing sleeve and
the photosensitive drum 1s about 240 um, the amount of
flexure of the developing sleeve was 25 um when the
material of the developing sleeve was SuS, whereas it was
of the order of 5 um when the material of the developing
sleeve was aluminum. When the gap between the developing
sleeve and the photosensitive drum 1s 240 um, 1t 15 con-
firmed that 1f the amount of flexure of the developing sleeve
exceeds 20 um, the density wrregularity of the image
becomes remarkable.

As described above, 1n the high-speed and highly durable
image forming apparatus using an a-S1 drum, the 1mage
irregularity can be made small and the life of the developing
sleeve can be lengthened if as in the present invention, the
developing sleeve 1s made of aluminum which 1s small in
thermal deformation and a plating layer 1s provided on the
surface of the developing sleeve to thereby increase the
hardness thereof. Of course, according to the present
invention, durability 1s also improved in stainless steel of
hardness Hv=150 to 190 which is a high-class material used
when a long life 1s required of the developing sleeve.

In the present mvention, in order to improve the convey-
ability of the toner by the developing sleeve 6, the surface
of the developing sleeve 1s preferably roughened. The
roughening of the surface of the developing sleeve can be
done by various methods, but 1n the present invention, 1t was
done by sand blast treatment as will be described below.

As abrasive grains which are a blast material, use 1s made
of abrasive grains of a regular shape (spherical or flat
particles having smooth surfaces are good), or preferably
olass beads of a grain size of #100 to #600. A blast nozzle
1s positioned at a distance of 7 mm from the developing
sleeve, and the developing sleeve 1s rotated at 12 rpm, and
the glass beads are blown at air pressure of 3 kg/m” from the
nozzle. During this blowing, the nozzle 1s moved by a
distance of 30 cm 1n one to two minutes 1n parallel with the
axis of the developing sleeve along the surface thereof. In
this manner, the surface of the developing sleeve 1s blast-
treated to thereby obtain a rough surface. After the blast
treatment, the developing sleeve has its surface washed, and
thereafter 1s dried.

In the present embodiment, the developing sleeve made of
aluminum containing a magnet roller therein was subjected
to sand blast treatment by the use of glass beads of #300 and
the surface thereof was roughened. At this time, the air
pressure under which the glass beads were blown was
variously changed to thereby change of the surface rough-
ness Ra of the developing sleeve variously. These develop-
ing sleeves were used in the developing device 3 of FIG. 1
and the conveying properties of the developing sleeves for
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the magnetic toner of positive chargeability contained 1n the
developing device 3 were examined. The result 1s shown 1n

FIG. 2.

As shown 1n FIG. 2, the toner conveying property of the
developing sleeve 1s substantially determined by the degree
of the surface roughness, and the greater becomes the
surface roughness, the greater becomes the amount of con-
veyance. In the present invention, as will be described later,
the plating of a non-magnetic metal 1s provided on the
roughened surface of the developing sleeve, and 1if the
thickness of this plating 1s small and uniform, the surface
roughness of the developing sleeve will not substantially be
changed and the toner conveying property thereof will not
be affected.

Also, these developing sleeves were incorporated 1nto the
developing device 3 and was used for development, and
image formation was effected by the 1mage forming appa-
ratus of FIG. 1.

The density of print 1mages obtained and the state of the
coating 1rregularity of the toner onto the developing sleeve
were examined. The result 1s shown 1n Table 1 below.

In Table 1, as regards the mark in the columns of image
density, o shows that the maximum density at the early stage
of development is not less than 1.3, A shows that it 1s not less
than 1.2 and less than 1.3, and x shows that 1t 1s less than 1.2.
As regards the marks in the columns of coating 1rregularity,
o shows that no coating irregularity of the toner is seen on
the developing sleeve, A shows that some coating irregular-
ity 1s seen but gives no problem to 1images, and X means that
coating 1rregularity appears as 1image irregularity.

TABLE 1
Ra (um) 02 04 06 08 10 12 14 16 1.8
density X X A o o o oo o
coating irregularity oo o oo o A X X

The proper amount of conveyed toner on the developing,
sleeve differs depending on the operating speed (process
speed) of the image forming apparatus, but it 1s known that
relatively good 1image density 1s obtained for an amount of
conveyance greater than 0.6 mg/cm?®, and for that purpose,
it 1s seen from FIG. 2 that 0.6 um or greater 1s preferable as
the value of the surface roughness Ra of the developing
sleeve. Also, 1t 1s seen from Table 1 that if the surface
roughness Ra exceeds 1.4, coating irregularity occurs and
the toner coating the developing sleeve does not become
uniform. Accordingly, in the present invention, the surface
roughness Ra (the center line average roughness) of the
roughened developing sleeve 1 1s 0.6 to 1.4 um, and prel-
erably the surface roughness Ra after plating 1s Ra=0.6 to 1.4
um.

In the present invention, 1n order to heighten the hardness
of the surface of the developing sleeve, as described above,
non-magnetic metal plating 1s provided on the surface of the
developing sleeve after the surface of the developing sleeve
1s roughened. While there are various kinds of plating
treatment for the hardening of the surface, not electroplating
but electroless plating 1s used 1n the present invention.

As the electroless plating of non-magnetic metals, for
example, electroless N1i—P plating, electroless N1—B plat-
ing and electroless Cr plating are suitable.

As described above, the developing sleeve 6 1s non-
magnetic because a magnetic toner 1s used. The metal
plating provided on the surface of the developing sleeve 1s
usable even 1f it has magnetism because the plating layer
thickness thereof 1s as small as several um, but preferably 1t
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is non-magnetic. Nickel (Ni) is a ferromagnetic material, but
in an eclectroless N1i—P or N1i—B plating layer, nickel
becomes amorphous and non-magnetic by being united with
phosphor (P) or boron (B). The phosphor content in Ni—P
plating film required for such non-magnetism 1s B to 10 wt
%, and the boron content 1n N1—B plating film 1s 5 to 7 wt
%.

Plating may be uniformly provided on the entire surface
of the developing sleeve 6, but can be made 1nto a mesh-like
shape having arbitrary openings for the adjustment of a work
function which will be described later. By effecting plating
after mesh-like masking treatment has been done, mesh-like
plating 1s obtained. Also, as 1s often done to enhance the
close contacting property between the plating film and the
surface of the developing sleeve, zincate treatment for
producing zinc alloy film on the surface of the developing
sleeve can be effected before plating 1s done.

The reason why not electroplating but electroless plating
1s used 1n the present mnvention is that a precipitated plating
metal can be attached to a uniform thickness on the rough-
ened uneven surface of the developing sleeve 6 without
being affected by the unevenness and plating film of a
uniform thickness can be obtained. Accordingly, the surface
roughness obtained by roughening can be maintained almost
without being changed. In electroplating, 1t 1s ditficult for a
plating metal to be precipitated on the recesses of the
roughened surface of the developing sleeve and the metal
adheres preferentially to the convex portions and only the
convex portions are thickly plated and therefore, plating film
of a uniform thickness 1s not obtained and the surface
roughness changes.

In the present invention, the thickness of the plating layer
of the non-magnetic metal provided on the surface of the
developing sleeve 6 1s 3 to 20 um. Description will herein-
after be made on the basis of an experiment carried out by
the 1nventors.

When a developing sleeve of stainless steel (SUS 316)
was sand-blast-treated with glass beads of #300 on the
surface thereof, was used for development without being
subjected to metal plating and continuous 1mage formation
was repetitively effected by the use of a toner of a small
particle diameter (6 um) which can improve imaging
property, the following phenomena occurred.

(1) When the number of prints reached 2000 to 5000
sheets, image density was reduced from 1.3 to 1.0. (2) When
at the point of time whereat the above-mentioned 1mage
density was reduced, the original was changed to a solid
black surface and image formation was done, the printed
image became a partly white 1mage having a low density
portion corresponding to the rotation period of the devel-
oping sleeve. (3) When the toner on the developing sleeve at
the point of time whereat the image density was reduced was
removed and the developing sleeve was washed with a
solvent and then was used again for development, the image
density was recovered.

So, when the frictionally charged amount of the toner at
the point of time of item (1) above whereat the image density
was reduced was measured, 1t has been found that 1t 1s % or
less of the charged amount of the toner at the start of 1image
formation and the reduction in the charged amount of the
toner 1s the cause of the reduction in the image density.
Likewise, when the creation of the partly white 1mage of
item (2) above was examined, the cause of the white portion
was also the reduction in the charged amount of the toner.
However, the recovery of the 1image density by the removal
of the toner and the washing of the developing sleeve
mentioned under item (3) above makes us infer that its cause
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1s not the deterioration of the toner including the reduction
in the charged amount, but a change 1n the properties of the
surface of the developing sleeve.

In order to confirm the change in the properties of the
surface of the developing sleeve, the surface of the devel-
oping sleeve was observed through an electronic microscope
at the above-mentioned time whereat the 1mage density was
reduced. Thereupon, as typically shown 1n FIG. 3, 1t has
been found that there are a plurality of small depressions 14
having a diameter of the order of 5 um 1n particularly the
recesses 13 of the uneven portion of the surface, and more
particularly the recess 13 having a diameter of the order of
40 um and a depth of the order of 1 um, and something is
embedded 1n these depressions 14. When this substance was
collected and analyzed, it was the debris of binder resin
which was the main component of the toner.

When the debris of the resin of the toner are thus present
on the surface of the developing sleeve, the resin of the toner
contacting with the surface of the developing sleeve often
contacts with the resin on the surface of the developing
sleeve and therefore, sufficient frictionally charging charges
are not given to the toner and the charged amount of the
toner 1s reduced.

When plating of a thickness of 3 um or greater 1s provided
on the surface of the developing sleeve, the small depres-
sions 14 of a diameter of the order of 5 um 1 which the resin
of the toner 1s embedded can be filled with the plating metal.
Theretore, the presence of the debr1 of the resin of the toner
on the surface of the developing sleeve can be eliminated
during continuous 1mage formation and the toner can be
charged well by the surface of the developing sleeve, and the
occurrence of the reduction 1n the charged amount can be
prevented.

The upper limit of the thickness of the plating 1s 20 um,
and 1f the plating 1s made thicker than this, uniform plating
f1lm 1s not obtained on the surface of the developing sleeve,
and great unevenness necessary for the conveyance of the
toner 1s filled and the conveyability of the toner is reduced,
and this 1s not preferable.

The effect of the eliminating the small depressions 14 1n
the recesses 13 of the surface of the developing sleeve by the
above-mentioned embedding of the plating metal 1s particu-
larly useful 1n the case of a developing sleeve using SUS of
which the hardness is as relatively high as Hv=150 to 190.
This 1s because even 1f the sand blast treatment by particles
of a regular shape 1s effected, when the hardness of the
material of the developing sleeve 1s high, the surface of the
developing sleeve cannot be smoothly blasted as per the
coniliguration of the particles and not a few small depres-
sions 1n which the resin of the toner 1s embedded are created
in the surface of the developing sleeve.

The hardness of the metal plating may preferably be
Hv=450 or greater, and necessary wear resistance can be
obtained. The higher 1s the upper limit of the hardness, the
better, but 1f annealing which 1s usually used means for
increasing the hardness of plating i1s done, the developing
sleeve will become warped and the vibration during the
rotation thereof will become great and therefore, 1n practice,
the upper limit 1s of the order of Hv=1000.

As described above, 1n the present 1nvention, the surface
of the developing sleeve 6 1s roughened and further, is
subjected to the plating of a non-magnetic metal to thereby
make a developing sleeve of surface roughness Ra=0.6 to
1.4 um having a plating layer of a non-magnetic metal
having a thickness of 3 to 20 um. However, depending on the
kind of the combination of the plating metal and the mag-
netic toner, there may occur a circumstance in which the
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toner cannot be sufficiently charged on the surface of the
developing sleeve.

Toners A and B (produced by Canon Inc.) were prepared
as magnetic toners of positive chargeability (one-component
magnetic developers) and were contained in the developing
device 3 for use for development, and 1mage formation was
ciiected. As the developing sleeve 6, one provided with
clectroless N1—P plating was used. The result of the mea-
surement of the amounts of charge of the toners at that time
1s shown 1n Table 2 below.

TABLE 2

toner A toner B

amount of charge (#C/g) 11.1 1.9

As shown 1n Table 2, the combination of the toner A and
the developing sleeve provided with electroless N1i—P plat-
ing suifers from no problem, but 1in the combination of the
toner B and the developing sleeve provided with electroless
N1—P plating, the charged amount of the toner B was very
small and sufficient image density and 1mage quality could
not be obtained. Generally, to obtain sufficient image density
and 1mage quality, 1t 1s necessary that the charged amount of
toner be of the order of 6.0 uC/g or greater. The amount of
conveyed toner on the developing sleeve 1s also related to
image density and image quality, but for both of the toners
A and B, 0.70 g/cm” or greater was obtained and the amount
of conveyed toner was suilicient.

In order to examine the cause of the difference between
the charged amounts of the toners A and B, the work
functions W.F of the toners A and B and the metal plating
such as electroless Ni—P plating were examined by the use
of a work function measuring apparatus utilizing a photo-
electric effect (surface analyzing apparatus AC-1S produced
by Riken Keiki Co., Ltd.). The work functions of the toners
were measured with each toner melted 1nto a plate-like
shape on an aluminum plate. The result 1s shown 1n Table 3
below.

TABLE 3
work function

V)
toner A 4.1
toner B 4.5
Cr electroplating 4.0
electroless Ni-P plating 4.4
electroless Ni-B plating 4.5
electroless Cr plating 4.7
Cu electroplating 5.4

Generally, when two substances are brought into contact
with each other, a substance having a smaller work function
tends to be charged to the positive and accordingly, when a
toner charged to the positive 1s used, 1t 1s necessary that a
plating agent provided on the surface of the developing
sleeve be greater 1n work function than the toner.

Table 4 below shows the charged amounts of the toners
obtained when the combinations of the kinds of the plating
provided on the surface of the developing sleeve and the
toners were changed, and the 1mage densities and the state
of the toner coating irregularity on the developing sleeve
when development was effected to thereby form 1mages with
the developing sleeves subjected to these kinds of plating
and the toners A and b combined together. The developing
sleeve used had surface roughness Ra=1.1 um. Also, FIG. 4
shows a graph in which the difference of work function is
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plotted as the axis of abscissas and the charged amount of
toner 1s plotted as the axis of ordinates.

TABLE 4
kind of
toner B A A A B B A
kind of elec- elec- elec- electro- electro- electro elec-
plating tro tro tro less less Cu tro
Cr Cr less Ni—B Cr Cu
N1—P
difference -0.5 0.1 0.3 0.4 0.6 0.9 1.3
of work
function
(V)
charged 0.7 6.6 9.0 10.0 12.0 15.0 17.0
amount of
toner
(uC/g)
density X A o o o o o
Unevenness s e e e e A X
of coating

In Table 4, as regards the marks 1n the columns of density,
o shows that at the early stage of development, the maxi-
mum density 1s 1.3 or greater, A shows that the maximum
density 1s not less than 1.2 and less than 1.3, and x shows
that the maximum density 1s less than 1.2. As regards the
marks in the columns of coating irregularity, o shows that no
coating 1rregularity of the toner 1s seen on the developing
sleeve, A shows that some coating wrregularity of the toner
1s seen on the developing sleeve, but gives no problem to
images, and x shows that coating irregularity appears as
image 1rregularity. The amount of conveyed toner on the
developing sleeve was nearly 0.8 g/cm” in the case of any
combination.

Generally, to obtain sufficient image density, it 1s said that
the charged amount of the toner of at least 6 uC/g or so 1s
necessary, but 1f this exceeds 15 uC/g, a portion of the
developing sleeve will be concentratedly coated with the
toner. Also 1n the present experiment, when electroplating of
copper as the plating agent was effected, the charged amount
of the toner became 17 uC/g and the coating 1rregularity of
the toner was confirmed.

From such a fact, 1t 1s considered that for the combination
of the metal plating layer and the toner, the difference of
work function 1s appropriately between 0.1 and 1.0. That 1s,
0.1 eV Z=(work function of the plating layer—work function
of the toner)=1.0 eV.

The foregoing 1s a case where the charging of the toner 1s
of the positive polarity, but when the charging of the toner
1s of the negative polarity, the positive and negative signs of

the numerical values can be replaced with each other as
follows.

—1.0 eVZ=(work function of the plating layer—work func-
tion of the toner)=-0.1 eV.

If this 1s generalized so as to be applicable to a toner

having a positive charging polarity and a toner having a

negative charging polarity, by the use of the absolute value
of the difference of work function,

0.1 eV=| work function of the plating layer—-work func-

tion of the toner|=1.0 eV.

Description will hereinafter be made of the magnetic
toner used 1n the present mnvention.

The grain diameter of the magnetic toner 1s 4 to 9 um as
the volume average grain diameter, and preferably 4 to 8 um.
If the volume average grain diameter of the toner 1s 4 um or
less, when the toner 15 used for a use such as a graphic 1image
in which the 1mage area percentage 1s high, the problem that
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a little of the toner 1s transterred onto a transter material and
the 1mage density becomes low 1s liable to arise. This is
considered to be for the same reason as when 1n contrast

with the edge portion of a latent 1image, the density of the
inner portion thereotf 1s lowered. If the volume average grain
diameter of the toner 1s 9 um or larger, the resolution 1s not
cgood, and even 1if it 1s good at the early stage of 1mage
formation, the deterioration of image quality if liable to
occur as the toner confinues to be used.

The grain size distribution of the toner can be measured
by various methods, and 1n the present invention, the mea-
surement was done by the use of a coal tar counter TA-II
(produced by Coal Tar Inc.). A personal computer CX-i
(produced by Canon Inc.) which outputs the number distri-
bution and volume distribution of the toner was connected to
the coal tar counter. As the electrolyte, first class sodium
chloride was used to prepare 1% NaCl water solution.

0.1 to 5 ml of interfacial active agent, preferably alkyl
benzene sulphonate, as a dispersing agent was added to 100
to 150 ml of electrolyte, and 2 to 20 mg of magnetic toner
as a measurement sample was further added. The electrolyte
in which this measurement sample was suspended was
subjected to dispersion treatment for about one to three
minutes by an ultrasonic disperser, and by the above-
mentioned coal tar counter and by the use of an aperture of
100 u, the grain size distribution of toner particles of 2 to 40
um was measured with the number as the reference, and then
the volume grain size distribution was found.

The true density of the magnetic toner i1s preferably 1.45
to 1.70 g/cm>, and more preferably 1.50 to 1.65 g/cm”. If the
true density of the magnetic toner 1s smaller than 1.45, the
welght of a magnetic toner particle 1tself 1s too light and the
batter of thin lines, scattering and the aggravation of resolv-
ing power due to reverse fog and excessive transier of toner
particles become liable to be caused. If the true density of the
magnetic toner 1s greater than 1.70, there will be provided an
image 1n which the image density 1s thin and which lacks
sharpness such as suffering from the breaks of thin lines.
Also, the magnetic force of the toner becomes relatively
orcat and therefore, the ears of the toner particles become
long or bifurcated, and the resultant image 1s liable to
become disturbed by development and coarse 1n quality.

There are several methods of measuring the true density
of the magnetic toner, and 1n the present invention, there was
adopted the following method capable of accurately and
simply measuring the true density of fine powder.

A cylinder made of stainless steel and having an inner
diameter of 10 mm and a length of about 5 cm, a disc (A)
capable of being closely fitted thereinto and having an outer
diameter of about 10 mm and a height of 5 mm, and a piston
(B) having an outer diameter of about 10 mm and a length
of about 8 cm are prepared. The disc (A) is put into the
bottom of the cylinder, and then about 1g of magnetic toner
which 1s a measurement sample 1s put thereinto, and there-
after the piston (B) i1s quietly pushed in. A force of 400
kg/cm” is applied to the piston (B) by a hydraulic press to
thereby compress the toner, and this compressed state is
maintained for five minutes, and then the toner 1s taken out.

The weight W(g) of this compressed sample is measured,
and the diameter D(cm) and height [.(cm) of the compressed
sample are measured by a micrometer, and from the expres-
sion that

true density (g/cm’)=w/{mx(D/2)*xL}, the true density of

the magnetic toner 1s calculated.

To obtain a better developing property by the magnetic
toner, 1t 1s preferable that the magnetic toner have residual
magnetization or of 1 to 5 emu/g, preferably 2 to 4.5 emu/g,
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and saturation magnetization os of 20 to 40 emu/g, and a
high magnetic force Hc have a magnetic characteristic of 40

to 100 oersted (Oe).

In the present 1invention, as the binding resin of the toner,
use can be made of the following resin when the use of a
heating pressing roller fixating device for effecting the
application of o1l 1s taken 1nto consideration:

styrene such as polystyrene, poly-p-chlorostyrene or poly-
vinyl toluene and monopolymer of the substitution
product thereof; styrene copolymer such as styrene-p-
chlorostyrene copolymer, styrene-vinyl toluene
copolymer, styrene-vinyl naphthalene copolymer,
styrene-acrylic acid ester copolymer, styrene-
methacrylic acid ester copolymer, styrene-a-
chloromethacrylic acid methyl copolymer, styrene-
acrylonitrile copolymer, styrene-vinyl methyl ether
copolymer, styrene-vinyl ethyl ether copolymer,
styrene-vinyl methyl ketone copolymer, styrene-
butadiene copolymer, styrene-isoprene copolymer or
styrene-acrylonitrile-indene copolymer; polyvinyl
chloride, phenol resin, natural denatured phenol resin,
natural resin denatured maleic resin, acrylic resin,
methacrylic resin, polyvinyl acetate, silicone resin,
polyester resin, polyurethane, polyamide resin, fran
resin, €poxy resin, xylene resin, polyvinyl butyral,
terpene resin, coumarone-indene resin, petroleum resin
or the like.

In the heating pressing roller fixating device of a type
which hardly applies o1l, the so-called offset phenomenon in
which a portion of a toner image on a transfer material shifts
to a roller, and the closely contacting property of the toner
with respect to the transfer material are important matters.
The toner which 1s fixated with less heat energy has the
property of bemg liable to block or cake usually during
preservation or in the developing device and therefore, these
problems must be taken mto consideration at the same time.

The physical properties of the binding resin of the toner
are most greatly concerned 1n these problems. According to
the mventors’™ researches, when the content of a magnetic
material 1n the toner 1s decreased, the closely contacting
property with respect to the transfer material becomes good
during fixation, but offset becomes liable to occur and
blocking or caking also becomes liable to occur.

Therefore, when use 1s made of the heating pressing roller
fixating device of the type which hardly applies oil, the
selection of the binding resin of the toner 1s important, and
as preferable binding resin, use 1s made of bridges styrene
copolymer or bridges polyester.

As comonomer to the styrene monomer of this styrene
copolymer, use can be made of monocarboxylic acid having
double bond or the substitution product thereof, such as
acrylic acid, methyl acrylate, ethyl acrylate, butyl acrylate,
dodecyl acrylate, octyl acrylate, acrylic acid-2-ethyl hexyl,
phenyl acrylate, methyl methacrylate, ethyl methacrylate,
butyl methacrylate, octyl methacrylate, acrylonitrile, meth-
acrynitrile or acrylic amide; dicarboxylic acid having double
bond and the substitution product thereof, such as maleic
acid, butyl maleate, methyl maleate or dimethyl maleate;
vinyl ester such as vinyl chloride, vinyl acetate or benzoic
vinyl; ethylene olefin such as ethylene, propylene or buty-
lene; vinyl ketone such as vinyl methyl ketone or vinyl hexyl
ketone; one or more vinyl monomers of vinyl ether such as
vinyl methyl ether, vinyl ethyl ether or vinyl 1sobutyl ether.

As a bridging agent, use 1s made of chiefly a polymeriz-
able compound having two or more double bonds. For
example, an aromatic dinyl compound such as divinyl
benzene or divinyl naphthalene; ester carboxylate having
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two double bonds such as ethylene glycol diacrylate, ethyl-
ene glycol dimethacrylate or 1, 3-butanediol acrylate; a
divinyl compound such as divinyl aniline, divinyl ether,
divinyl sulfide or divinyl sulfone; or a compound having
three or more vinyl groups 1s singly or mixedly used.

Also, when a fixating device of the pressing fixation type
1s used, the binding resin of a toner for pressure fixation 1s
usable, and mention may be made of, for example,
polyethylene, polypropylene, polymethylene, polyurethane
clastomer, ethylene-ethyl acrylate copolymer, ethylene-
vinyl acetate copolymer, 1onomer resin, styrene-butadiene
copolymer, styrene-isoprene copolymer, linear saturated
polyester, paraffin or the like.

It 1s preferable that the magnetic toner be used with a
charging control agent added thereto, and the charging
control agent can be contained in toner particles (internal
addition) or the toner particles and the charging control
agent can be mixed together (external addition).

As the positive charging control agent, a denatured sub-
stance by nigrosine and fatty acid metal salt or the like;
fourth class ammonium salt such as tributyl benzyl
ammonium-1-hydroxy-4-naphthosulfonic acid salt or tet-
rabutyl ammonium tetrafluoroborate; diorgano tin oxide
such as dibutyl tin oxide, dioctyl tin oxide or dicyclohexyl
fin oxide; or diorgano tin borate such as dibutyl tin borate,
dioctyl tin borate or dicyclo tin borate can be used singly or
in combination of two or more kinds. Among these, a
charging control agent such as the nigrosine origin or fourth
class ammonium salt can be particularly preferably used.

Also, a single polymer of a monomer represented by a
general expression

I‘h
CH—=C R
| Ve
COOC,N;N
Rj

(where R; is H or CH;; R, and R; are substituted or
unsubstituted alkyl groups, and preferably are C, to C,), or
a copolymer of this monomer and a polymerizable monomer
such as styrene, ester acrylate or ester methacrylate as
previously mentioned can be used as the positive charging
control agent. These charging control agents also have the
action as part or the whole of binding resin.

As a negative charging control agent usable 1n the present
invention, for example, organic metal complexes and chelate
compounds are effective, and mention may be made of, for
example, aluminum acetyl acetonate, iron (II) acetyl
acetonate, 3, 5S-ditertiary butyl chromium salicylate, eftc.
Particularly acetyl acetone metal complex, salicylic metal
complex or salicylic metal salt 1s preferable, and above all,
salicylic metal complex or metal salt 1s preferable.

The above-mentioned charging control agents (which do
not have the action as binding resin) may preferably be used
in the form of fine particles, and the number average particle
diameter thereof may preferably be 4 um or less, and
particularly be 3 um or less.

The amount of addition of the charging control agent
internally added to the toner may preferably be 0.1 to 20
parts by weight to 100 parts by weight of binding resin, and
more preferably be 0.2 to 10 parts by weight.

The amount of addition of the charging control agent
externally added to the toner, in the case of fine powder
silica, may preferably be 0.01 to 8 parts by weight to 100
parts by weight of toner, and more preferably be 0.1 to 5
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parts by weight. This silica intervenes between toner par-
ticles and the surface of the developing sleeve, whereby 1t
also has the action of remarkably mitigating the abrasion of
the developing sleeve.

It 1s preferable to add the fine powder of a fluorine
containing polymer, for example, the fine powder of
polytetra-fluoroethylene, polyvinylidene fluoride or the like,
or the fine powder of tetrafluoroethylene-vinylidene fluoride
copolymer as an externally added agent to the toner. Par-
ticularly the fine powder of polyvinylidene fluoride is pret-
erable 1in improving the fluidity and polishing property of the
toner. The amount of addition of the fine powder of fluorine
contaming polymer to the toner may preferably be 0.01 to
2.0 wt % by weight, and particularly preferably be 0.02 to
1.0 wt % by weight.

Particularly, when a combination of the fine powder of
silica and the fine powder of fluorine containing polymer 1s
added, although the reason 1s not clear, the state of presence
of silica adhering to the magnetic toner 1s stabilized and the
possibility of silica which has adhered freeing from the toner
to thereby wear the toner or contaminate the developing
sleeve can be reduced, and the stability of the charging of the
toner can be further increased.

As a polishing agent for the photosensitive drum, stron-
fium titanate 1s sometimes added to the toner. This polishing
agent has the action of preventing the adherence of the toner
to the surface of the photosensitive drum, and the amount of
addition thereof to the toner i1s preferably 0.01 to 1.0 wt %
by weight.

The magnetic toner may serve also as a black colorant,
and contains magnetic materials. As the magnetic materials
contained in the magnetic toner, mention may be made of
iron oxide such as magnetite, y-iron oxide, ferrite or 1ron
excessive type ferrite; a metal such as iron, cobalt or nickel,
or alloys of these metals and a metal such as aluminum,
cobalt, copper, lead, magnesium, tin, zinc, antimony,
beryllium, bismnth, cadmium, calcium, manganese,
selenium, titanium tungsten or vanadium, and mixtures
therecof. These are all ferromagnetic materials.

The average grain diameter of these magnetic materials
may be 0.1 to 1.0 um, and preferably 0.1 to 0.5 um. The
content of the magnetic materials 1n the magnetic toner 1s 60
to 110 parts by weight to 100 parts by weight of resin 1n the
toner, and preferably 65 to 100 parts by weight to 100 parts
by weight of resin.

Some experimental examples of 1image formation in the
present embodiment will hereinafter be described.

EXPERIMENTAL EXAMPLE 1

In accordance with the present embodiment, the surface of
an aluminum sleeve was roughened by the blast treatment by
oglass beads, whereafter 1t was subjected to electroless N1i—P
plating (work function=4.4 ¢V) to thereby obtain a devel-
oping sleeve having a plating thickness of 6 um and surface
roughness Ra of 1.1 um. This was incorporated as the
developing sleeve 6 of FIG. 1 mto the developing device 3
and was used for development, and image formation was
cifected.

An a-S1 drum was used as the photosensitive drum 1, and
the gap between the photosensitive drum and the developing
sleeve was 230 um. The photosensitive drum was charged to
surface potential +400 V and 1image exposure was elfected to
thereby form a latent image to surface potential +50 V, and
the latent 1mage was developed by the use of the aforemen-
tioned toner A (work function=4.1 ¢V) of positive charge-
ability. A developing bias comprising a DC voltage of +250
V, a peak-to-peak voltage Vpp=1.47 kV and an AC voltage
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of a frequency 1=2.75 kHz superposed one upon another was
applied to the developing sleeve.

As the result, a sufficient amount of conveyed toner of 0.8
mg/cm” and a sufficient charged amount of 11.1 «C/g were
obtained 1n the toner on the developing sleeve, and even
when 3,000,000 sheets of print having a printing rate 6% at
A4 size was ellected, a reduction 1n density and deterioration
of 1mages were hardly seen.

EXPERIMENTAL EXAMPLE 2

In accordance with the present embodiment, the surface of
a stainless sleeve was roughened by glass beads blast
treatment, and was subjected to electroless Ni—B plating
(work function=4.5 €V) to thereby obtain a developing
sleeve having a plating thickness of 6 um and surface
roughness Ra=1.1 um, and this developing sleeve was
likewise incorporated into the developing device 3 of FIG.

1 and was used for development, and 1image formation was
elfected.

An OPC drum was used as the photo-sensitive drum 1,
and the gap between the photosensitive drum and the
developing sleeve was 250 um. The surface potential on the
photosensitive drum was —600 V, and development was
effected by the use of the aforementioned toner A (work
function=4.1 eV). A developing bias comprising a DC
voltage of —450 V, a peak-to-peak voltage Vpp=1.2 kV and
an AC voltage of a frequency 1=2.2 kHz superposed one
upon another was applied to the developing sleeve.

As the result, a sufficient amount of conveyed toner of
0.78 mg/cm, and a charged amount of 10.5 uC/g were
obtained 1n the toner on the developing sleeve. Also, as
compared with a case where a developing sleeve not sub-
jected to electroless Ni—B plating was used, a reduction 1n
density and deterioration of 1mages were hardly seen even at
a point of time whereat 5,000,000 sheets of print about five
fimes as many as in said case was elfected.

Embodiment 2

FIG. § schematically shows the general construction of
another embodiment of the image forming apparatus of the
present 1mnvention, and this apparatus 1s a digital copying,
apparatus.

A photosensitive drum 1 1s provided with a photoconduc-
five layer of amorphous silicon on a cylindrical electrically
conductive base, and 1s journalled for rotation in the direc-
fion of arrow R1. Around this photosensitive drum 1 and
along the direction of rotation thereof, there are disposed a
scotron charger 15 for uniformly charging the surface of the
photosensitive drum 1, an exposure device including an
exposure lamp 21 and an 1image scanner 26 for reading an
original 22 placed on a glass table 23 above the photosen-
sitive drum 1, and effecting 1mage exposure 33 on the
photosensitive drum 1 on the basis of an i1mage signal
proportional to the density of a color-resolved i1mage, a
developing device 3 for developing an electrostatic latent
image formed by the 1mage exposure by the use of a toner
charged to the positive, a corona charger 16 for transferring
a toner 1mage formed on the photosensitive drum by the
development of the latent 1mage onto a transfer material P
supplied to the photosensitive drum 1, an electrostatic sepa-
rating charger 17 for separating the transfer material P
having the toner 1image transferred thereto from the photo-
sensitive drum 1, a cleaning device S for cleaning the surface
of the photosensitive drum 1 after the toner image has been
transferred and removing any untransferred toner, and a
pre-exposure device (lamp) 18 for removing any residual
charge on the surface of the photosensitive drum 1.
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The transfer material P separated from the photosensitive
drum 1 1s conveyed to a fixating device 19, where 1t 1s heated
and pressed, whereby the transferred toner 1s fixated on the
image transfer material P and 1s formed 1nto a desired print
image, whereafter the transter material P 1s discharged out of
the 1mage forming apparatus.

The exposure lamp 21 of the exposure device reads the
original 22 on the glass table 23 while being moved along
the glass table 23, and the 1mage 1information thus obtained
1s 1nserted 1nto the 1mage scanner 26 via reflecting mirrors
24a, 24b and 24c¢ moved with the exposure lamp 21 and
further a short focus lens 25.

The 1image scanner 26 converts the image information into
an clectrical signal, and this electrical signal 1s digitized by
an A/D converter 29, and thereafter 1s sent to a signal
processing portion 28, where 1t 1s converted into a digital
image signal of 256 harmonies proportional to the image
density.

This 1image signal 1s sent to a laser driver 29 as a driving,
signal generating portion, and 1s used to generate a driving
signal for a laser 30 by the laser driver 29 so as to modulate
the light transmission of the laser 30 by the driving signal in
conformity with the image signal. The laser beam modulated
in conformity with the image signal 1s applied as i1mage
exposure 33 to the photosensitive drum 1 via a polygon
mirror 31 and a reflecting mirror 32, whereby an electro-
static latent image conforming to the image signal 1s formed
on the photosensitive drum 1. The copying speed of the
digital copying apparatus of the present embodiment 1s 60 to
100 sheets per minute for A4 size.

In the present embodiment, image formation was effected.
First, the photosensitive drum 1 was charged to +400 V by
the charger 15, and the 1mage exposure 33 based on the
image signal was elfected, and the surface potential of the
exposure portion was attenuated to e.g. maximum +50 V,
and a latent 1mage was formed. Then, for example, a DC
voltage of +250 V, or a voltage comprising an AC voltage of
a rectangular wave superposed thereon of which the peak-
to-peak voltage Vpp was 1.4 kV and the frequency { was 2.7
kHz was applied as a developing bias to the developing
sleeve 6 of the developing device 3, and by the use of a black
toner which was a magnetic toner as a one-component
developer, the latent 1mage was developed by a reverse
developing system.

The developing sleeve 6 1s an aluminum sleeve of which
the surface was blast-treated into a rough surface by glass
beads of a regular shape, and then was subjected to elec-
troless N1i—P plating to thereby provide surface roughness
Ra 1.1 um, a plating thickness of 6 um and hardness Hv of
about 500. In the other points, the construction of the
developing device 3 1s the same as that of the developing
device 3 described 1n connection with FIG. 1. The afore-
mentioned toner A was used as the magnetic toner.

In this case, the amount of conveyed toner on the devel-
oping sleeve was 0.8 mg/cm” and the charged amount of
toner was 10.5 uC/e, and from the initial stage, sufficient
image density and 1image quality were obtained. At the point
of time of 1,000,000 sheets of A4 size print, the amount of
scraped plating on the surface of the developing sleeve was
of the order of 1.0 um, and the resin or the like of the toner
was not embedded in the surface of the developing sleeve,
and sufficient density and image quality could be main-
tained.




6,104,903

17

Embodiment 3

In this embodiment, as shown 1 FIG. 6, an elastic blade
9a 1nstead of a magnetic blade was used as the developer
regulating member of the developing device 3, and this was
brought 1nto direct contact with the developing sleeve 6.
Also, as the developing sleeve 6, a stainless sleeve was
surface-roughened by blast treatment of glass beads, where-
after 1t was subjected to electroless Pd—P plating (work
function=4.5 eV) to thereby make a developing sleeve
having surface roughness Ra of 1.1 um, a plating thickness
of 6 um and hardness Hv of 470, and this was used.

The mechanical construction of the 1mage forming appa-

ratus itself of the present embodiment is basically the same
as that of Embodiment 1 of FIG. 1.

An OPC drum was used as the photosensitive drum 1, and
the gap between the photosensitive drum and the developing
sleeve was 250 um. The surface of the photosensitive drum
was charged to —600 V, and image exposure was elfected to
thereby form a latent image at —100 V, and the latent image
was developed by the use of the aforementioned toner A
(work function=4.1 ¢V). A developing bias comprising a DC
voltage (=450 V) and an AC voltage (Vpp=1.2 kV, {=2.2
kHz) superposed one upon another was applied to the
developing sleeve, and 1mage formation was effected.

As the result, a proper amount of conveyed toner of 0.78
g/cm” and a charged amount of 10.5 #C/g were obtained in
the toner on the developing sleeve, and from the 1nitial stage
of 1mage formation, sufficient density and i1mage quality
could be obtained.

In the present embodiment, use 1s made of the elastic
blade directly contacting with the developing sleeve and
therefore, the scraping or the like of the surface of the
developing sleeve by the long-term use thereof is feared, but
clectroless Pd—P plating has high hardness Hv of 470 as
described above and therefore, there 1s no problem, and at
the point of time of 1,000,000 sheets of A4 size print, the
amount of scraping was 2.5 um, and sufficient density and
image quality could be maintained even after long-term use.
While the present embodiment has been described by the use
of the magnetic toner, the present invention 1s also effective
for a non-magnetic toner because the feature of the present
invention prescribes the charging characteristics of the toner
and the plating layer on the surface of the developing sleeve,
and the present invention is applicable to a non-magnetic
one-component developing method using a developing
sleeve having no magnet roller inside.

While 1n the present embodiment, the elastic blade 9a 1s
used as the developer regulating member, use may be used
of a roller made of a single-foamed elastic material, and this
1s likewise used 1n contact with the developing sleeve, and
the present invention 1s also effective when such a regulating
roller made of a single-foamed elastic material 1s used.

While in the aforedescribed embodiment, attention has
been paid to the difference between the work functions of the

surface layer of the developing sleeve and the toner, the
inventors have further found that there 1s also a relation

between the difference 1n the work function and the surface
roughness of the developing sleeve.

FIG. 12 shows a method of measuring the surface rough-
ness Ra.

Here, Ra refers to the center line average roughness, and
as shown 1n FIG. 11, 1t 1s a value obtained by pulling out a
portion of a measured length L from a roughness curve {(X)
in the direction of the center line thereof, and arithmetically
averaging the absolute value of the deviation between the
center line of the pulled-out portion and the roughness curve.
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Description will now be made of an embodiment pre-
scribing the surface roughness and work function of the
developing sleeve.

Embodiment 4

In this embodiment, the surface roughness (center line
average roughness) Ra of the surface of the developing
sleeve 6 1s 0.7 um or less. The lower limit of Ra 1s 0.05, but
specifically, 1t 1s determined by the relation of the difference
between the work functions of the nonmetal plating layer
provided on the surface of the developing sleeve and the
magnetic toner used. Description will hereinafter be made
on the basis of an experiment carried out by the inventors.

A developing sleeve of stainless steel (SUS316) had its
surface sand-blast-treated by glass beads of #300 and was
used for development, and continuous 1mage formation was
repetitively effected by the use of a toner of a small grain
diameter (6 um) which can be improved in its image
developing property. The following phenomena happened.
(1) When the number of printed sheets reached 2000 to
5000, image density lowered from 1.3 to 1.0. (2) When at a
point of time whereat the 1mage density lowered, 1mage
formation was done with the original changed to a solid
black one, the printed 1image became a partly white 1mage
having a low density portion corresponding to the rotation
period of the developing sleeve. (3) When the toner on the
developing sleeve at the point of time whereat the 1image
density lowered was removed and the developing sleeve was
washed by a solvent and then was again used for
development, the 1image density was recovered.

So, when the amount of frictional charging of the toner at
the point of time of item (1) above whereat the image density
lowered was measured, 1t was ¥ or less of the charged
amount of toner at the start of 1image formation, and 1t has
been found that the reduction in the charged amount of toner
1s the cause of the lowering of the 1mage density. Likewise,
when the creation of the partly white image of item (2)
above was examined, the white portion was also caused by
the reduction in the charged amount of toner. However, 1t 1s
inferred that the recovery of the image density by the
removal of the toner and the washing of the developing
sleeve mentioned under item (3) above was caused not by
the deterioration of the toner including the lowering of the
charged amount, but by a change 1 the properties of the
surface of the developing sleeve.

In order to confirm a change in the properties of the
surface of the developing sleeve, the surface of the devel-
oping sleeve was observed by means of an electronic
microscope at the above-mentioned point of time whereat
the 1image density lowered. Thereupon, as typically shown in
FIG. 3, it has been found that 1n particularly the recess 13 of
the uneven portion of the surface, more specifically the
recess 13 having a diameter of the order of 40 um and a
depth of the order of 1 um, there are a plurality of small
depressions 14 having a diameter of the order of 5 um, and
the debrises of the resin which 1s the main component of the
toner are embedded 1n these depressions 14.

When the debri1 of the resin of the toner are thus embedded
in the surface of the developing sleeve, the resin of the toner
contacting with the surface of the developing sleeve often
contacts with the resin on the surface of the developing
sleeve and therefore, sufficient frictional charging charges
are not given to the toner and the charged amount of toner
1s reduced. The phenomenon of the debri of the resin of the
toner bemmg embedded in the surface of the developing
sleeve will heremafter be referred to as “sleeve contamina-
tion”.
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So, when the surface of the developing sleeve was blast-
treated with the condition changed and was made into a
smoother surface of surface roughness Ra of 0.7 um and the
developing sleeve was used for development to thereby
cifect continuous 1mage formation, the sleeve contamination

was hardly seen. Considering from this, to make Ra great,
the air pressure used for the flowing of abrasive grains must
be made strong, and along therewith, the small depressions
having a diameter of the order of 5 um produced in the
surface of the developing sleeve are increased and therefore,
it scems that when Ra 1s 0.7 um or greater, the sleeve
contamination occurs.

In the present embodiment, a plurality of developing
sleeves having surface roughness Ra of 0.1 to 0.9 um were
prepared and each of them was used for development to
thereby effect continuous 1mage formation of 5,000 sheets,
and the sleeve contamination was examined. The result 1s
shown 1n Table 5 below.

In Table 5, as regards the marks in the columns of sleeve
contamination, o means that the amount of charge of the
toner on the developing sleeve has about 80% or more of the
amount at the 1nitial stage, at the end of 1mage formation, A
means that it has not less than 60% and less than 80%, and
X means that 1t has only less than 60%.

Generally, 11 continuous 1image formation of 5,000 sheets
1s effected and at the end of the image formation, the amount
of charge of the toner on the developing sleeve has about
80% of the 1nitial amount of charge, even if the developing
sleeve 1s used for a long period thereafter, 1t does not happen
that the amount of charge of the toner decreases greatly, and
it seems that there 1s no problem 1n the long-term use of the
developing sleeve, and 1t becomes a standard.

TABLE 5

0.1 0.3 0.5 0.7 0.8 0.9

Ra (um)

sleeve contamination o o o A X X

As shown 1n Table 35, to prevent the sleeve contamination
during continuous image formation and stably maintain
image density, it 1s seen that the surface roughness Ra of the
developing sleeve should preferably be 0.7 um or less.
However, for the surface roughness within such a range, the
fluctuation of the amount of charge of the toner 1s not great,
but 1nstead there arises the problem that the conveyability of
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the toner on the developing sleeve 1s not sufficiently
obtained and appropriate 1mage density cannot be secured
from the viewpoint of the amount of toner.

In the present embodiment, blast treatment was effected
on a developing sleeve made of aluminum containing a
magnet roller therein by the use of glass beads of #300 to
thereby roughen the surface of the developing sleeve. At this
fime, the air pressure under which the glass beads were
blown was changed to several levels to thereby variously
change the surface roughness Ra of the developing sleeve.
These developing sleeves were used 1n the developing
device 3 of FIG. 1 and the conveying property thereof for the
magnetic toner of positive charge ability contained in the

developing device 3 was examined. The result 1s shown 1n
FIG. 10.

As shown 1n FIG. 10, the toner conveying property of the
developing sleeve 1s substantially determined by the degree
of the surface roughness, and the greater becomes the
surface roughness, the greater becomes the conveyed
amount. In the present invention, nonmagnetic metal plating
1s provided on the roughened surface of the developing
sleeve, but 1f the thickness of this plating i1s small and
uniform, the surface roughness of the developing sleeve
does not substantially change and the toner conveying
property 1s not affected.

Generally 1t 1s known that when the amount of toner per
unit area on the photosensitive drum is 0.5 mg/cm” or
oreater, sutlicient density 1s obtained as a printed 1image. So,
assuming that the amount of toner coating per unit area on
the developing sleeve is a (mg/cm?) and the ratio (peripheral
velocity ratio) of the rotational velocity of the developing
sleeve to that of the photosensitive drum is b (no unit) and
the toner of maximum 50% of the toner on the developing
sleeve was used for development, when the condition that

0.5=a'b-0.5, and accordingly 1.0=a'b 1s satisfied, a
printed 1mage of sufficient density i1s obtained.

Table 6 below shows the result of the examination of the
density of printed 1mages when developing sleeves of vari-
ous surface roughnesses were used with the amount of toner
coating a and the peripheral velocity ratio changed variously.
In Table 6, the mark o shows that the initial density (the
maximum density at the initial stage of development) is 1.3
or greater, the mark A shows that the 1nitial density 1s not less
than 1.2 and less than 1.3, and the mark x shows that the
initial density 1s less than 1.2.

TABLE 6

surface roughness Ra (#m)

005 01 02 03 04 05 06 07 08
amount of toner 0.45 048 048 056 059 0.63 0.66 070 0.75
coating a (mg/cm?)
axb 0.54 058 058 0.67 071 079 0.80 084 0.9
(peripheral velocity
ratio b = 1.2)
initial density X X X X X X X X A
axb .68 0.72 0.72 0.84 0.89 0.95 099 1.05 1.13
(peripheral velocity
ratio b = 1.5)
initial density X X X X X A 0 0 0
axb 0.81 086 0.86 1.01 1.06 1.13  1.19 1.26 1.35
(peripheral velocity
ratio b = 1.8)
initial density X X X 0 0 0 0 0 0
axb 095 10 1.0 118 124 132 139 147 1.58
(peripheral velocity
ratio b = 2.1)
initial density A 0 0 0 0 0 0 0 0
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Here, developing sleeves of which the surface roughness
Ra 1s greater than 0.7 can secure a proper value as the 1nitial
image density, but in the case of any peripheral velocity
ratio, as previously described, sleeve contamination occurs
and the reduction in density 1s remarkable and therefore,
such developing sleeves are not appropriate developing
sleeves. Also, 1n developing sleeves of surface roughness of
0.05>Ra (e.g. Ra=0.03 um), in the case of any peripheral
velocity ratio, the charged amount of toner exceeds 15 uC/g
and the developing sleeve 1s not uniformly coated with the
toner and therefore, 1rregularity occurs to 1mages and thus,
such developing sleeves are neither appropriate developing
sleeves.

We further carried out an experiment when the surface

roughness Ra of the developing sleeve was lowered to
Ra=0.5, 0.3, 0.1, 0.05. The peripheral velocity ratio of the

developing sleeve was set to a proper value obtained from
the previous experiment. As the result, 1t was confirmed that
when the surface roughness Ra of the developing sleeve and
the difference AW between the work functions of the plating
layer of the developing sleeve and the toner are combined so
as to be within a quadrilateral area G shown in FIG. 11,
sufficient 1image density 1s obtained and there 1s no uneven
coating of the toner on the developing sleeve.

The quadrilateral area G 1 FIG. 11 1s such that the
difference AW 1n work function 1s surrounded by two upper
and lower leftwardly downwardly inclined straight lines g2
and g1 with respect to the surface roughness Ra of the
developing sleeve. This means that if the surface roughness
Ra of the developing sleeve is made smaller (reduced), the
cilective friction area of the surface of the developing sleeve
with the toner increases and therefore the charged amount of
the toner becomes greater and thus, to prevent the uneven
coating of the toner from occurring, the difference AW 1n
work function (“the work function of the plating layer”—“the
work function of the toner”) must be made smaller.

The four upper, lower, left and right straight lines g2, g1,
o3 and g4 defining the quadrilateral areca G can be repre-
sented by the following expressions:

ogl: Ra-13AW+0.6=0
2. Ra—6AW+06=0
03: 19Ra-AW-0.9=0
o4: Ra=0.7

Accordingly, the quadrilateral area G 1s represented by the
following four inequalities:

Ra-13AW+0.6=0

Ra-6AW+6=0

19Ra-AW-0.9=0

Ra=0.7

The units are um for Ra, and eV for AW,

The foregoing, 1s a case where the charging of the toner
1s of the positive polarity, but when the charging of the toner

1s of the negative polarity, AW can be replaced with — AW
and the following can be done:

Ra+13AW+0.6=0
Ra+6AW+6=0
19Ra+AW-0.9=0

Ra=0.7

If the polarity of charging i1s generalized so as to be
applicable to a positive toner and a negative toner, by the use
of the absolute value of the difference 1n work function,

Ra-13|AW|+0.6=0
Ra-6|[AW|+6=0
19Ra—|AW|-0.9=0
Ra=0.7

An experimental example of image formation in the
present embodiment will hereinafter be described.
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EXPERIMENTAL EXAMPLE 1

In accordance with the present embodiment, the surface of
an aluminum sleeve was roughened by blast treatment by
olass beads, and thereafter was subjected to electroless
Ni—P plating (work function=4.4 ¢V) to thereby obtain a
developing sleeve having a plating thickness of 6 um and
surface roughness Ra of 1.1 um. This was incorporated as
the developing sleeve 6 of FIG. 1 into the developing device
3 and was used for development, and image formation was
cifected.

An a-S1 drum was used as the photo-sensitive drum 1, and
the gap between the photosensitive drum and the developing
sleeve was 230 um. The photosensitive drum was charged to
surface potential of +400 V and 1image exposure was elfected
to thereby form a latent 1mage at surface potential of +50 V,
and the latent 1mage was developed by the use of the
aforementioned toner A (work function=4.1 e¢V) of positive
chargeability. The peripheral velocity ratio b of the devel-
oping sleeve was 2.1. A developing bias comprising a DC
voltage of +250 V and an AC voltage having a peak-to-peak
voltage Vpp=1.4 kV and a frequency 1=2.7 kHz superposed
one upon the other was applied to the developing sleeve.

Embodiment 5

This embodiment was applied to the digital copying
apparatus of FIG. 5.

The copying speed of the digital copying apparatus of the
present embodiment 1s 60 to 100 sheets per minute for A4
S1Z¢.

In the present embodiment, image formation was effected.
First, the photosensitive drum 1 was charged to +400 V by
the charger 15, image exposure 33 based on an 1image signal
was elfected to thereby attenuate the surface potential of the
exposure portion to €.g. maximum +50 V, and form a latent
image. Then, as a developing bias, e.g. a DC voltage of +250
V or a voltage comprising an AC voltage of rectangular
wave having a peak-to-peak voltage Vpp of 1.4 kV and a
frequency 1=2.7 kHz superposed thereon was applied to the
developing sleeve 6 of the developing device 3, and by the
use of a black toner which was a magnetic toner as a
one-component developer, the latent image was developed
by a reverse developing system.

The developing sleeve 6 1s one obtained by blast-treating,
the surface of an aluminum sleeve with glass beads of a
regular shape to thereby roughen the surface, and then
subjecting the surface of the aluminum sleeve to electroless
N1—P plating to thereby provide surface roughness Ra=0.5
um, a plating thickness of 6 um and hardness Hv of about
500. In the other points, the construction of the developing
device 3 1s the same as that of the developing device 3
described 1n connection with FIG. 1. The aforementioned
toner A was used as the magnetic toner. The peripheral
velocity ratio b of the developing sleeve was 1.6.

In this case, the amount of conveyed toner on the devel-
oping sleeve was 0.65 mg/cm” and the charged amount of
toner was 10.5 uC/g, and sufficient image density and image
quality were obtained from the initial stage. At a point of
time whereat 1,000,000 sheets of A4 size were printed, the
scraped amount of plating on the surface of the developing
sleeve was of the order of 1.0 um, and no resin of the toner
was embedded 1 the surface of the developing sleeve, and
suflicient density and image quality could be maintained.

Embodiment 6

In this embodiment, as shown 1n FIG. 6, an elastic blade
9a 1nstead of a magnetic blade 1s used as the developer
regulating member of the developing device 3, and this 1s
brought 1nto direct contact with the developing sleeve 6.
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Also, as the developing sleeve 6, a stainless sleeve was
surface-roughened by blast treatment of glass beads, where-
after 1t was subjected to electroless Pd—P plating (work
function=4.5 eV) to thereby make a developing sleeve
having surface roughness Ra of 0.7 um, a plating thickness
of 6 um and hardness Hv ot 470, and this sleeve was used.

The mechanical construction of the image forming appa-

ratus itself of the present embodiment 1s basically the same
as that of Embodiment 1 of FIG. 1.

An OPC drum was used as the photosensitive drum 1, and
the gap between the photosensitive drum and the developing
sleeve was 250 um. The surface of the photosensitive drum
was charged to —600 V, and 1image exposure was elfected to
thereby form a latent 1mage at surface potential of =100 V,
and this latent 1image was developed by the use of the
aforementioned toner A (work function=4.1 eV). A devel-
oping bias comprising a DC voltage (=450 V) and an AC
voltage (Vpp=1.2 kV and f=2.2 kHz) superposed one upon
the other was applied to the developing sleeve, and 1image
formation was effected.

As the result, 1n the toner on the developing sleeve, there
were obtained a proper amount of conveyed toner of 0.70
o/cm” and a charged amount of 10.5 uC/g, and from the
initial stage of 1mage formation, sutficient density and image
quality could be obtained.

In the present embodiment, use 1s made of an elastic blade
directly contacting with the developing sleeve and therefore,
the scraping or the like of the surface of the developing
sleeve by the long-term use thereof 1s feared, but there 1s no
problem because the electroless Pd—P plating has high
hardness Hv of 470 as described above, and the amount of
scrape was 2.5 um at a point of time whereat 1,000,000
sheets of A4 size were printed, and sufficient density and
image quality could be maintained still after long-term use.
While the present invention has been described by the use of
the magnetic toner, the feature of the present invention 1s to
prescribe the charging characteristic of the plating layer on
the surface of the developing sleeve and therefore, the
present nvention 1s also effective for a non-magnetic toner,
and 1s applicable to a non-magnetic one-component devel-
oping method using a developing sleeve having no magnet
roller 1nside.

In the present embodiment, the elastic blade 9a 1s used as
the developer regulating member, but use may be made of a
roller made of a single-foamed elastic material, and this 1s
likewise used 1n contact with the developing sleeve, and the
present 1nvention 1s also effective when use 1s made of a
regulating roller made of such a single-foamed elastic mate-
rial.

While the embodiments of the present invention has been
described above, the present mvention 1s not restricted to
these embodiments, but all modifications are possible within
the technical 1idea of the present invention.
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What 1s claimed 1s:
1. A developing device comprising;:

a developing container containing a toner therein; and

a toner bearing member provided 1n an opening portion of
said developing container for bearing the toner and
being rotatable with the toner borne thereon;

said toner bearing member satisfying the following con-
ditions:
Ra-13|AW|=-0.6
Ra-6|[AW|=-6
19Ra-|AW|[=0.9
Ra=0.7

where Ra is center line average roughness (um) of the
surface of said toner bearing member, and

AW 1s difference (¢V) between a work function of the
surface of the toner bearing member and a work
function of the toner.

2. Adeveloping device according to claim 1, wherein said
toner bearing member 1s provided 1n an opposed relationship
with an 1mage bearing member bearing an electrostatic
image thereon, such that when an amount of coating of the
foner per unit arca of said toner bearing member 1s a
(mg/cm®) and a ratio of a peripheral velocity of said toner
bearing member to said 1mage bearing member 1s b, said
toner bearing member satisfies the following condition:

axb=1.0.

3. Adeveloping device according to claim 1, wherein said
toner bearing member 1s made from a non-magnetic metal
base material with a plating layer provided on the base
material.

4. A developing device according to claim 3, wherein a
thickness of the plating layer 1s between 3 um and 20 um.

5. A developing device according to claim 3, wherein a
Vickers hardness, Hv, of the plating layer 1s not less than 450
and not more than 1000.

6. A developing device according to claim §, wherein the
base material 1s aluminum.

7. A developing device according to claim 3, wherein the
plating layer 1s subjected to a surface roughening treatment,
resulting 1n a surface roughness, Ra, thereof between 0.6 um
and 14um.

8. A developing device according to claim 1, wheremn a
charging polarity of the toner i1s positive, and a work
function of the surface of said toner bearing member 1is
oreater than a work function of the toner.

9. A developing device according to claim 1, wherein a
charging polarity of the toner 1s negative, and a work
function of the surface of said toner bearing member 1s less
than a work function of the toner.
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